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tunicaminyluracil (2) , which lacks the GlcNAc moiety and the fatty acyl chain of the tunicamycins, would be expected to be a versatile synthetic intermediate for the synthesis of various glycosyltransferase inhibitors. 7 Their structural complexity also renders them worthy targets in organic synthesis. The total synthesis of tunicamycins has been accomplished by the groups of Suami's 8 and Myers 9 , and other synthetic studies of related compounds have also been reported. 10 Previously, we applied the samarium diiodide (SmI 2 ) mediated C-C bond formation reaction to nucleoside chemistry 11 and developed a novel aldol reaction via the samarium enolate (B) generated by two electron reductions of the α-phenylthio ketone (A) (Scheme 1). 12 The neutral and mild reaction conditions and the reactivity of the regioselectively generated samarium enolate (B) are suitable for the carbon-chain elongation to a base-labile nucleoside 5'-aldehyde derivative. This reaction was successfully applied to the total synthesis of the nucleoside antibiotic, herbicidin B. 13 Τhis SmI 2mediated aldol reaction could also be applied to the synthesis of tunicaminyluracil (2) , the structure of which is a 5'-carbon-branched uridine derivative. Here we describe the synthesis of tunicaminyluracil (2) as an extension of our SmI 2 -mediated aldol reaction. Our strategy includes the regioselective generation of a samarium enolate from the α-phenylthio ketone (G), aldol reaction with the uridine 5'-aldehyde (F) to assemble the undecose system (E). After stereoselective reduction of the 7'-keto group in E, cyclization of the resulting 7'-hydroxyl group in D to the carbon atom at the 11'-position by an intramolecular Pummerer reaction can be expected to give 2. If such a cyclization occurs effectively, further introduction of certain carbohydrates using the resulting phenylthio pyranoside 2 as a versatile intermediate could be realized. Therefore, this approach would provide a ready access to a range of sugar analogues for the development of glycosyltransferase inhibitors. The synthesis of the key α-phenylthio ketone 11 is summarized in Scheme 3. Protection of 2-azido-2-deoxy-3,4,6-tri-O-acetylgalactose 3 14 with a TBDPS group gave only the β-galactoside 4, and successive removal of the acetyl groups followed by protection of the resulting secondary alcohols with an isopropylidene group under thermodynamic conditions provided 5. Introduction of a phenylthio group at the 6-position, which would become a leaving group when the samarium enolate is generated, was conducted by activation of the hydroxyl group as its triflate, followed by displacement with thiophenol to afford 6 in 93% yield in 2 steps. After deprotection of the TBDPS group of 6 with tetrabutylammonium fluoride (TBAF), followed by reductive ring opening of the resulting pyranose by NaBH 4 , the desired diol 7 was obtained in 86% yield. Subsequent protecting group manipulations afforded the mono-benzoate 8 (83% yield for 3 steps) at the 5 position, and the remaining primary alcohol at position 1 was further converted to a phenylthio group in 90% yield as in the procedure for the preparation of 6. It should be noted that selective activation of the primary alcohol of 7 with Tf 2 O followed by substitution with thiophenol was unsuccessful and gave a tetrahydropyran derivative as a The key SmI 2 -mediated aldol reaction was conducted (Scheme 4) and the results are summarized in Table 1 . Our previous study revealed that the two-electron reduction by SmI 2 to generate a samarium enolate from a 1-phenylthio-2-ulose derivative occurred at -78 °C. However, the treatment of αphenylthio ketone 11 with 2.2 equiv of SmI 2 followed by addition of 1.0 equiv of the aldehyde 12 15 at -78 °C gave the desired aldol products 13a,b in 13% yield ( Table 1 , entry 1, 5'R/5'S = 64/36). The low yield of the products and the large amount of the unreacted 11 observed in the reaction mixture indicated that the α-phenylthio ketone 11 without a hetero atom adjacent to the phenylthio group is less reactive to the two-electron reduction than that with an oxygen atom. 12, 13 After several attempts to optimize the reaction temperature, the reaction at -40 °C gave complete consumption of 11. Addition of the aldehyde 12 at -78 °C after generation of the samarium enolate provided 13a,b in 71% (entry 3, Direct activation of the sulfide 14 by treatment with NIS in the presence of a catalytic amount of TfOH resulted in the iodo-etherification product 16 between the 5'-hydroxyl group and the 5,6-double bond within the uracil base, and the desired cyclization failed to occur. Next, the activation of the corresponding sulfoxide 15 was examined. 16 Oxidation of 14 with mCPBA provided the corresponding sulfoxide 15 as a mixture of diastereomers. An initial effort to activate 15 with (CF 3 CO) 2 O resulted in extensive trifluoroacetylation of the alcohols and only a trace amount of the desired product 17 was obtained. However, treatment of the sulfoxide 15 with Tf 2 O in the presence of pyridine at -20 °C provided the desired product 17 along with 13a as an inseparable mixture in a ratio of 62:38. After the mixture was treated with NaBH(OAc) 3 , compound 17 could be separated from the corresponding reduced product 14 by the usual silica gel column chromatography. The phenylthio glycoside 17 was a single β-anomer. The stereochemistry of 17 was determined by an NOE (3.6%) between H7' and H11'.
Results and Discussion.
Sulfonylation of the sulfoxide with Tf 2 O promotes β-elimination to give a thiocarbenium intermediate. Intramolecular nucleophilic attack of the 7'-hydroxyl group on the 11'-carbon atom affords the cyclized product 17 (Scheme 6, path a). We suppose that the aldol product 13a is produced through the nucleophilic attack of the 7'-hydroxyl group on the activated thionium cation with the formation of a 7-membered ring followed by hydrogen abstraction and elimination resulting in the oxidation of the alcohol, an intramolecular version of the DMSO-oxidation (Scheme 6, path b). The fact that the 5'-keto derivative or the sulfoxide of 13a, which is also possible a product if this reaction proceeds in an intermolecular fashion, was not detected in the reaction mixture indicates that the mechanism of the oxidation involves the intramolecular pathway b. Following acetylation of the 5'hydroxyl group of 17, the 10'-azido group of the corresponding acetate 18 was reduced with PhSeH in the presence of Et 3 N. The liberated amine was then protected with a phthaloyl group to afford 19, a fully protected tunicaminyluracil.
In conclusion, the tumicaminyluracil derivative 19 has been synthesized by an aldol reaction via the samarium enolate generated from the α-phenylthio ketone 11 and the intramolecular Pummerer reaction as the key steps. The SmI 2 -mediated aldol reaction was successfully applied to the carbonchain elongation of the uridine 5'-aldehyde derivative 12. Compound 18 or 19 would then be ready for use as glycosyl donor in glycosylations to provide a range of sugar analogues as well as related natural products.
Experimental Section:
General Methods. Physical data were measured as follows: 1 of 3 (2.50 g, 7. 50 mmol), TBDPSCl (2.34 mL, 9.00 mmol), and imidazole (1.23 g, 18.0 mmol) in DMF (40 mL) was stirred for 3 h at 50 °C. After MeOH (5 mL 5, 170.3, 170.0, 136.1, 136.0, 133.1, 132.6, 130.3, 130.1, 127.9, 127.7, 97.2, 71.5, 70.8, 66.7, 63.7, 61.4, 27.0, 20.9, 20.8, 20.7, 19.4; MS (FAB) 4, 137.3, 135.2, 134.1, 131.7, 131.6, 129.4, 129.1, 112.3, 98.1, 79.2, 75.4, 74.5, 69.6, 63.7, 29.9, 28.4, 27.8, 20.6; MS (FAB) 2S,3R,4S,5R)-2-Azido-3,4-(dimethylmethylenedioxy)-6-phenylthio-1,5 -hexanediol (7) . A mixture of 6 (3.60 g, 6.26 mmol) and TBAF (1 M, 6.89 mL, 6.89 mmol) in THF (60 mL) was stirred for 30 min at -20 °C and evaporated under reduced pressure. Sodium borohydride (950 mg, 25.0 mmol) was added to the above residue in MeOH (60 mL) at -20 °C, and the mixture was stirred for 30 min. The mixture was evaporated under reduced pressure, and then the residue was coevaporated with MeOH (3 2, 129.8, 129.3, 129.2, 128.6, 126.7, 126.5, 126.1, 108.9, 68.0, 63.0, 61.7, 38.2, 26.5; MS (FAB) 2S,3R,4S,5R)-2-Azido-5-benzoyloxy-3,4-(dimethylmethylenedioxy)-6-phenylthio-1-hexanol (8) .
A mixture of 7 (500 mg, 1.47 mmol), TBSCl (243 mg, 1.67 mmol), and imidazole (220 mg, 3.23 mmol) in DMF (20 mL) was stirred for 1 h at 0 °C. After MeOH (5 mL 7, 135.2, 133.7, 130.1, 130.0, 129.6, 129.3, 128.8, 126.7, 109.5, 75.1, 72.1, 62.9, 61.6, 33.8, 26.8, 25.6; MS (FAB) (2S,3R,4S,5R)-2-Azido-5-benzoyloxy-3,4-(dimethylmethylenedioxy)-1,6-di(phenylthio) 2, 135.0, 134.5, 133.5, 131.2, 130.1, 129.9, 129.8, 129.5, 129.4, 128.7, 127.6, 126.9, 109.7, 78.3, 75.1, 71.7, 59.5, 36.9, 33.8, 25.7, 25.4; MS (FAB) (2S,3R,4S,5R)-2-Azido-3,4-(dimethylmethylenedioxy)-1,6-di(phenylthio) 15H), 4.32 (dd, 1H, J = 4.8, 6.9 Hz), 4.26 (dd, 1H, J = 2.8, 6.9 Hz), 3.68 (ddd, 1H, J = 2.9, 6.4, 9.1 Hz), 3.57 (dd, 1H, J = 6.4, 11.5 Hz) 3, 134.7, 131.2, 130.1, 129.5, 129.4, 127.6, 127.0, 126.3, 109.3, 68.1, 60.6, 59.6, 38.5, 36.9, 26.6, 25.0, 21.3; MS (FAB) 4, 135.0, 134.4, 130.5, 130.2, 129.3, 129.0, 127.2, 126.9, 110.5, 79.7, 78.7, 57.7, 42.1, 34.8, 25.9, 23.8; MS (FAB) 4, 163.6, 150.7, 141.4, 134.6, 130.7, 129.5, 127.5, 110.8, 102.3, 90.0, 87.1, 80.6, 79.2, 75.4, 72.4, 65.5, 57.9, 44.4, 35.2, 26.2, 26.1, 26.0, 24.0, 18.3, 18.2, MS (FAB) 1, 163.4, 150.6, 141.8, 134.6, 130.8, 130.7, 129.5, 127.5, 110.8, 102.7, 89.6, 88.4, 80.5, 79.2, 74.8, 71.8, 67.8, 57.7, 43.7, 35.1, 26.1, 26.0, 24.0, 23.9, 18.3, 18.2, -4.1, -4.2, -4.4, -4.6; washed with brine (5 mL), dried (Na 2 SO 4 ), and evaporated under reduced pressure. The residue was purified by column chromatography (SiO 2 , 66% AcOEt/hexane) to give a diastereomeric mixture of 15 (3 mL) , and brine (3 mL), dried (Na 2 SO 4 ), and evaporated under reduced pressure. The residue was purified by column chromatography (SiO 2 , 33% AcOEt/hexane) to give an inseparable mixture of 17 and 13a (5.7 mg, 89% as a glass, the ratio of 17 and 13a was 62:38 by 1 H NMR). To isolate pure 17, the next experiment was performed. NaBH 4 (9.4 mg, 189 µmol) was added to a mixture of AcOH and CH 2 Cl 2 (1:2, 2 mL) at -20 °C, and then the mixture of 17 and 13a (50 mg, 63 µmol, the ratio of 17 and 13a was 57:43) in CH 2 Cl 2 (1 mL) was added dropwise to the above mixture. After being stirred for 30 min, the mixture was evaporated under reduced pressure, and the residue was coevaporated with MeOH (3 x 2 mL). The residue was partitioned between AcOEt (30 mL) and H 2 O (20 mL), and the organic layer was washed with saturated aqueous NaHCO 3 (20 mL) and brine (10 mL), dried (Na 2 SO 4 ), and evaporated under reduced pressure. The residue was purified by flash column chromatography (SiO 2 , 33% AcOEt/hexane) to give 17 (26 mg, 51.6% as a white foam, fast moving) and 14 (23 mg, 46% as a white foam, slow moving).
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